Effects of starch concentration on calcium‐enhanced black bullhead catfish protein gels by Paker, Ilgin & Matak, Kristen E.
Faculty Scholarship 
2017 
Effects of starch concentration on calcium‐enhanced black 
bullhead catfish protein gels 
Ilgin Paker 
Kristen E. Matak 
Follow this and additional works at: https://researchrepository.wvu.edu/faculty_publications 
 Part of the Animal Sciences Commons 
Food Sci Nutr. 2017;5:763–769.	 	 	 | 	763www.foodscience-nutrition.com
Received:	15	November	2016  |  Revised:	8	December	2016  |  Accepted:	12	December	2016
DOI:	10.1002/fsn3.456
O R I G I N A L  R E S E A R C H
Effects of starch concentration on calcium- enhanced black 
bullhead catfish protein gels






















tural	 changes.	 Torsional	 shear	 stress	 and	 strain	 along	with	 Kramer	 shear	 force	 in-
creased	as	the	concentration	of	starch	increased	(R2	=	.79,	.79,	and	.53,	respectively).	
The	 addition	 of	 ≥10	g	 starch/kg	 protein	 paste	 resulted	 in	 darker	 gels	 and	 gels	 got	
darker	as	more	starch	was	added	(R2	=	.71).	Results	showed	no	benefit	to	increasing	
starch	concentration	in	gels	beyond	5	g	starch/kg	protein	paste.
K E Y W O R D S
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1  | INTRODUCTION
Myofibrillar	 protein	 consists	 of	 myosin	 and	 actin	 and	 form	 thermally	











Starch	 granules	 absorb	water	 and	 swell	 during	 gel	 formation	
(Lee,	Wu,	&	Okada,	1992).	Upon	heating,	they	interact	with	protein	




concentration	 of	 amylopectin	 than	 wheat	 starch	 and	 therefore	
produces	 firmer	 and	more	 cohesive	 gels	 (Kim	&	 Lee,	 1987).	Gel-	




gel	 formation	 (Paker	 &	Matak,	 2015).	 Therefore,	 the	 aim	 of	 this	
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2  | MATERIALS AND METHODS
2.1 | Ground catfish preparation
All	equipment	used	to	handle	fish	were	sanitized	prior	to	fish	arrival.	




tap	water,	 gutted,	 and	 coarsely	 ground	 twice	 using	 a	meat	 proces-
sor	 (Hobart	Model	4146,	Troy,	OH)	with	a	coarse	grinding	plate	at-
tachment.	 The	 coarse	fish	paste	was	 transferred	 to	 lidded	 stainless	




S.C.	 Johnson	 &	 Son,	 Inc.,	 Racine,	 WI),	 vacuum	 packaged	 (Ultravac	
KOCH	Packaging,	KOCH	Supplies	Inc.,	Kansas	City,	MO),	and	stored	
at	−80°C	until	analyses	were	conducted.
2.2 | Myofibrillar protein separation using ISP
Myofibrillar	 fish	 protein	 was	 separated	 from	 the	 other	 compo-
nents	 of	 the	 fish	 paste	 using	 a	method	 called	 isoelectric	 solubili-




in	 a	glass	beaker.	Protein	extraction	was	 carried	out	 as	described	
elsewhere	 (Paker,	Beamer,	 Jaczynski,	&	Matak,	2013b).	The	 initial	




homogenizing	 using	 a	 laboratory	 grade,	 sanitized	 homogenizer	





DE).	 Distinct	 layers	 formed	 with	 centrifugation,	 with	 lipids	 on	
the	 top	 layer	 and	 insoluble	 components	 (such	as	 skin,	 bones,	 and	
scales)	on	the	bottom.	The	solubilized	protein	in	the	aqueous	mid-

















Switzerland)	 and	 adjusted	 to	 80	g/100	g	 by	 adding	 chilled	 water	




depending	on	 the	 tested	 formula.	After	 the	final	pH	of	 the	mixture	
was	adjusted	to	pH	7.0–7.2	(Oakton,	Eutech	Instruments;	Singapore)	
by	 adding	 lactic	 acid,	 the	 mixture	 was	 chopped	 for	 3	min	 at	 high	
speed	under	vacuum	(50	kPa).	Thermal	denaturation	was	prevented	













2.4 | Differential scanning calorimetry analysis
Thermal	 changes	 in	 protein	 pastes	 (10–15	μg)	were	 assessed	 using	
DSC	 (DSC	 Infinity	 Series	 F5010,	 Instrument	 Specialists,	 Inc.,	 Spring	
Grove,	IL)	during	which	temperature	was	increased	from	5°C	to	90°C	
at	 a	 rate	 of	 10°C	min−1.	 The	 analysis	was	 replicated	 four	times	per	
each	gel	 sample	 containing	different	 amounts	of	 starch	and	 the	 re-
sults	were	computed	using	 Infinite	Software	 (Instrument	Specialists,	
Inc.).	 Thermograms	 were	 drawn	 for	 each	 sample	 using	 the	 mean	
value	of	four	replications.	Temperature	onset,	temperature	maximum,	
and	 enthalpy	 required	 for	 thermal	 transactions	 were	 presented	 as	
mean	±	standard	deviation.
2.5 | Protein gel development
The	 steel	 tubes	 containing	 protein	 pastes	 were	 removed	 from	 re-
frigerated	 storage	 and	 cooked	 at	 90°C	 for	 20	min	 in	 a	water	 bath	
(Precision,	 Jouan	 Inc,	 Wincester,	 Virginia).	 The	 cooked	 gels	 were	
chilled	 in	an	 ice	bath	for	15	min	and	then	acclimated	at	room	tem-
perature	 (20–22°C	 for	1	h).	The	gels	were	 removed	 from	the	steel	
tubes,	cut	and	analyzed	for	expressible	water	content,	texture,	and	
color	properties.


















ple	 with	 a	 knife	 and	 is	 another	 method	 used	 to	 measure	 firmness	
and	 cohesiveness	 of	 a	 gel	 sample.	 A	 texture	 analyzer	 (Model	 TA-	
HDi,	Texture	Technologies	Corp)	with	 a	 Kramer	 cell	 attachment	 cut	
through	the	samples	with	a	five-	blade	(3	mm	thick	and	70	mm	wide)	
attachment.	 Peak	 force	 (g	 peak	 force	 g−1	gel	 sample)	was	measured	
at	127	mm	min−1	crosshead	speed.	Shear	force	and	shear	stress	were	
calculated	by	dividing	the	peak	 force	by	the	weight	of	each	sample,	








conducted	 on	 each	 gel	 sample	 formulation	 at	 least	 six	 times.	 Data	
from	 TPA	 and	 Kramer	 shear	 were	 calculated	 using	 Texture	 Expert	
software	(Texture	Expert	Exceed	version	2.64;	Stable	Micro	Systems,	
2003,	 Hamilton,	MA).	 Data	 from	 torsional	 analysis	were	 calculated	
using	Torsion	Vane	software	(Gel	Consultants).
2.8 | Color measurement
Color	 was	 measured	 using	 a	 colorimeter	 (Minolta	 Camera	 Co.	 Ltd,	
Osaka,	 Japan)	 calibrated	with	 a	 standard	white	 plate	No.21333180	
(CIE	L* 93.1; a* 0.3135; b*	0.3198).	After	collecting	 the	data	 for	L* 
(lightness;	scale:	0–100),	a*	(intensity	in	red	color;	scale:	−60	to	+60),	



















lar	 protein	 and	 are	 responsible	 for	 cross-	linking	 and	 entrapping	 gel	
constituents.	Starch	as	an	additive	may	affect	actin	and	myosin	ther-
mostability	 and	 denaturation	 enthalpies	 due	 to	 its	 ability	 to	 absorb	
and	hold	water	as	well	 as	 its	gelation	properties	on	 its	own.	Peak	 I	
represents	the	denaturation	and	aggregation	of	myosin	head,	which	
was	 similar	 between	 gels	 containing	 different	 amounts	 of	 starch.	
Denaturation	started	around	6°C	for	myosin	head,	where	the	great-
est	amount	 (p	<	.05)	of	energy	required	to	unfold	 the	molecule	was	
seen	 in	 gels	 containing	5	 and	10	g	 starch/kg	protein	paste.	Myosin	
tail	is	relatively	less	thermo-	susceptible	than	the	head.	Denaturation	
began	around	26–33°C	and	enthalpy	was	increased	(p	<	.05)	with	the	
addition	 of	 5	g	 starch/kg	 protein	 paste.	 Peaks	 III	 and	 IV	 show	 that	
actin	and	sarcoplasmic	protein	unfolding	temperatures,	both	at	onset	
and	 maximum	 temperature	 required	 for	 denaturation,	 were	 similar	
between	gel	formulae;	however,	the	energy	required	for	denaturation	
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of	 starch,	 such	 as	 5	g/kg	 protein	 paste,	was	 able	 to	 affect	 protein	
unfolding	 and	 aggregation	 curves	 as	 shown	 by	 the	 high	 enthalp-


















Peak I Peak II
Tonset (
oC) Tmax (
oC) Enthalpy (J/g) Tonset (
oC) Tmax (
oC) Enthalpy (J/g)
0 6.08	±	0.31ab 11.10	±	0.79a 1.79	±	0.20b 26.26	±	4.53 32.67	±	4.19b 0.35	±	0.09c
5 5.50	±	0.26b 9.11	±	0.71b 2.51	±	0.11a 33.94	±	5.72 41.55	±	5.04a 1.95	±	0.14a
10 6.28	±	0.30a 10.76	±	0.40ab 2.49	±	0.32a 29.08	±	1.51 35.93	±	2.93ab 0.63	±	0.17bc
15 5.98	±	0.36ab 10.70	±	0.54ab 1.67	±	0.25b 26.96	±	3.36 35.69	±	2.40ab 1.02	±	0.29b
20 6.01	±	0.32ab 11.11	±	1.68a 1.3	±	0.12b 25.67	±	2.80 33.31	±	4.00ab 0.51	±	0.16c
Peak	III Peak	IV
0 54.38	±	1.83ab 57.43	±	1.26bc 0.22	±	0.09b 71.47	±	2.53 80.30	±	1.69 0.27	±	0.05c
5 56.4	±	2.97a 69.36	±	4.92a 62.40	±	17.77a 70.18	±	6.93 79.41	±	5.41 8.26	±	2.09a
10 55.02	±	3.37ab 57.95	±	2.85bc 1.74	±	0.48b 74.83	±	2.58 79.59	±	3.95 0.55	±	0.10c
15 51.51	±	2.36b 64.56	±	8.15ab 4.09	±	1.09b 68.50	±	4.06 73.53	±	2.57 3.04	±	0.34b
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significantly	 lower	 (p	<	.05)	 in	gels	with	no	 starch	or	10	g	 starch/kg	
protein	 paste.	 The	 low	 expressible	 water	 content	 associated	 with	
these	 gels	 may	 be	 attributed	 to	 the	 calcium–starch	 interaction.	
Calcium	binds	to	amino	acids	at	the	carboxyl	side	chains	(Hauschka,	
Lian,	&	Gallop,	1975).	Starch	also	forms	hydrogen	bonds	at	the	car-
boxyl	 end	 of	 the	 proteins	 and	 may	 compete	 with	 calcium	 during	
gelation	 of	 calcium-	enhanced	 protein	 gels	 (Sanoja,	 Ruiz,	 Guyot,	 &	





































































































































































































































































paste) L* a* b*
0 70.88	±	1.00a −0.16	±	0.07b 8.77	±	0.49b
5 70.69	±	1.56a −0.33	±	0.46b 9.79	±	0.65a
10 69.09	±	1.20b −0.16	±	0.14b 9.43	±	0.29a
15 67.96	±	1.12b 0.26	±	0.08a 9.94	±	0.22a
20 69.14	±	1.00b 0.27	±	0.32a 9.38	±	0.88a
Data	are	given	as	mean	±	standard	deviation.










































amylose	will	 leak	 into	 the	protein	 paste	where	 it	will	 align	 and	 link	
itself	with	the	protein.	Upon	cooking,	amylose	will	precipitate	which	
will	not	only	strengthen	the	gel	but	also	influence	the	final	color	(Chai	
&	Park,	2007).	Amylose	 leakage	will	 lessen	with	greater	 concentra-
tions	of	starch,	which	is	likely	why	softer	and	darker	gels	are	observed	
in	gels	containing	higher	concentrations	of	starch	(Chai	&	Park,	2007;	
Giunee,	 Feeney,	Auty,	&	Fox,	 2002).	 It	 is	 possible	 that	 the	 amount	
of	starch	used	in	this	study	as	an	additive	in	myofibrillar	protein	gels	
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